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0929-6646/Copyright ª 2014, ElsevierBackground/Purpose: The role computed tomography (CT) performed prior to thoracoscopic
surgery for primary spontaneous pneumothorax (PSP) remains unclear.
Methods: We retrospectively reviewed medical records of all patients who underwent thoraco-
scopic surgery for PSP during 2008e2012. Patients were stratified into two groups: CT group
(patients who received preoperative CT scanning) and control group (patients who did not
receive preoperative scanning). Short-term postoperative results and long-term pneumothorax
recurrence rates were compared.
Results: A total of 298 patients were studied. Preoperative CT scanning was performed in 140
of them. The duration of operation, incidence of bullae formation, number of excised speci-
mens, rate of complications, and postoperative hospital stay were similar between the two
groups. After a mean follow-up of 20 months, the recurrence rates were 8.6% (12/140) in
the CT group and 5.7% (9/158) in the control group (pZ 0.371). In the CT group, five patients
had unexpected pulmonary findings and three of them (60%) developed pneumothorax recur-
rence, the rate of which was significantly higher than that in patients without unexpected pul-
monary findings (9/135, 6.7%, pZ 0.004). Unexpected pulmonary lesions were more commonly
noted in females (4/19, 21.1%) than in males (1/121, 0.8%; p < 0.001).
Conclusion: Preoperative CT scanning was not associated with better results after thoraco-
scopic surgery for PSP and is, therefore, not justified as a routine examination prior to thehave no conflicts of interest relevant to this article.
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Preoperative CT for pneumothorax 607operation. In female patients, however, preoperative CT scanning might be needed because
these patients tended to have a higher incidence of unexpected pulmonary lesions, which were
associated with a higher rate of recurrence.
Copyright ª 2014, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Primary spontaneous pneumothorax (PSP) most commonly
occurs in young, tall, lean males.1e7 Video-assisted
thoracoscopic surgery (VATS) that combines bullectomy
with some kind of pleurodesis, either abrasion or pleur-
ectomy, is the preferred intervention for treating
complicated or recurrent PSP.8e13 The mainstay of pre-
operative diagnostic imaging is erect chest X-ray.1 X-ray
findings characteristic of PSP include displacement of the
pleural line and presence of air-fluid level in the costo-
phrenic angle. Apical blebs are occasionally noted as
well.1
Computed tomography (CT) is now widely used to
establish a diagnosis and for treatment decision-making in
patients with lung diseases.14,15 CT scanning is very useful
in detecting small pneumothorax, estimating the size, and
identifying blebs/bullae and additional pathology of pneu-
mothorax1,16e34; however, only a few studies have evalu-
ated the relationship between preoperative CT scanning
and the results of thoracoscopic surgery for PSP.25e27 Some
retrospective studies have shown that CT scanning may
detect contralateral bleb or bullae and may have operation
in once; this may reduce the recurrence rate of contralat-
eral pneumothorax.30,31
In this study, the role of CT scanning performed prior to
thoracoscopic surgery for PSP was evaluated. We hypoth-
esized that preoperative CT scanning might detect more
unexpected findings, which would improve the post-
operative results and decrease the rate of pneumothorax
recurrence after surgery.Methods
Study design and patients
The aim of this retrospective study was to evaluate the
association between preoperative CT scanning and post-
operative outcomes, including short-term results and long-
term pneumothorax recurrence after thoracoscopic sur-
gery for PSP. Participants comprised patients with spon-
taneous pneumothorax who underwent VATS at the
National Taiwan University Hospital, Taipei, Taiwan from
January 2008 to December 2011. Exclusion criteria
included age greater than 40 years, evidence of pre-
existing pulmonary diseases, presence of parenchymal
lesions on chest radiography requiring CT scanning, pres-
ence of pneumothorax requiring bilateral VATS, and his-
tory of ipsilateral thoracic surgery.
This study was reviewed and approved by the Research
Ethics Committee of the National Taiwan University Hospi-
tal (approval number 201202011RIC).Preoperative studies and CT scanning
All patients underwent blood tests and investigated with an
erect chest X-ray prior to thoracoscopic surgery. Unen-
hanced spiral CT of the chest was performed in some pa-
tients, depending on the treatment policy of the attending
physician or surgeon. Although some physicians or surgeons
requested preoperative CT routinely to detect contralat-
eral bleb, bullae, or unexpected findings, others did not, to
avoid unnecessary radiation exposure. All CT studies
(LightSpeed VCT; GE Healthcare, Milwaukee, WI, USA) were
performed with standard parameters (120 kVp, adjustable
mA according to body size, 1.3 pitch, and 0.7-second
rotation time) without contrast enhancement. CT scans
were reconstructed at section widths of 5 mm in the axial
plane and 3 mm in the coronal plane. The images were
reviewed by a thoracic surgeon and a radiologist (J.S.C. and
Y.C.C., respectively) who were blinded to the clinical data.
The typical findings of PSP on CT scans were the presence of
localized emphysema-like changes in the upper lung zones,
or blebs or bullae in the upper lung zones or lateral sub-
pleural areas, without parenchymal changes in other parts
of the lungs.1,28 Unexpected pulmonary lesions were
defined as the presence of diffuse lung parenchymal lesions
such as infiltrations, blebs, or thin-walled cysts.VATS procedures
Either conventional or needlescopic VATS was performed
with the patient under general anesthesia and one-lung
ventilation. The anesthesia, preparation, and operative
procedures used for needlescopic VATS were almost iden-
tical to those used for conventional VATS. Our previous
studies have shown that the short-term results and pneu-
mothorax recurrence rates are similar for both techniques,
even though needlescopic VATS provides better cosmetic
results and induces less residual chest pain.10e13
During thoracoscopy, pleural adhesions were freed using
electrocautery. When blebs were identified, they were
excised with an endoscopic stapler. Blind apical stapling
was performed at the most suspicious area if no bleb could
be identified. Mechanical pleurodesis was performed using
pleural abrasion or apical pleurectomy, depending on the
treatment policies or clinical trial protocols during
different time periods.11 After postoperative lung reinfla-
tion, a normal saline solution was instilled to check for air
leaks. A chest tube was placed in the apex through one of
the insertion wounds.
The patients were extubated in the operating room and
observed for 1e2 hours in the recovery room. Chest radi-
ography was performed either immediately after surgery or
the next morning. The chest tube was connected to a low-
Fig. 1 Flow chart illustrating the protocol for patient selection, treatment allocation, and outcome. CT Z computed tomog-
raphy; VATS Z video-assisted thoracoscopic surgery.
608 K.-C. Tsou et al.pressure suction system (10 cmH2O) if the lung did not
expand fully.
All complications occurring after the operation were
recorded. Hemothorax was defined as the collection of
500 mL of blood in the 1st hour after the operation or over
200 mL/hour during the 1st postoperative day. Subcutane-
ous emphysema was defined by direct observation, and air
leakage was defined as air leakage that was persistent for
more than 5 days even after pleurodesis.33,34 Wound
infection was defined by the presence of wound cultures
positive for bacterial pathogens.Table 1 Clinical characteristics and operative findings of
patients with or without preoperative CT.
Control group
(N Z 158)
CT group
(N Z 140)
p
Age, y 22.0  5.3 23.2  7.0 0.104
Male 139 (88.0) 121 (86.4) 0.410
Body mass index 19.3  2.5 19.7  2.7 0.225
Smoking 36 (22.8) 40 (28.6) 0.156
Left side involved 95 (60.1) 75(53.6) 0.153
Bleb identified
prior to operationa
NA 66 (47.1) NAFollow-up
After discharge from the hospital, patients underwent
chest radiography at the outpatient clinics at 1 week, 1
month, 3 months, and 6 months, and then every 6 months.
Patients were also interviewed every 6 months by a regis-
tered nurse according to a standard questionnaire that
included questions on whether PSP had recurred and if so
when, and how it was treated.Surgical indications
Recurrent
pneumothorax
101 (63.9) 99 (70.7) 0.143
Persistent air leaks 37 (23.4) 30 (21.4)
Uncomplicated
first episode
18 (11.4) 6 (4.3)
Hemopneumothorax 1 (0.6) 3 (2.1)
Others 1 (0.6) 2 (1.4)
Mechanical pleurodesis
Abrasion 102 (65.6) 103 (73.6) 0.06
Apical pleurectomy 56 (35.4) 37 (26.4)
CT Z computed tomography; NA Z not applicable.
Data are presented as n (%) or mean  SD.
a By chest X-ray in control group and by CT in CT group.Data collection and analysis
Clinical data, CT scans, operative findings, methods of
pleurodesis, operation results, postoperative complica-
tions, duration of chest tube drainage, length of hospital
stay, and incidence of pneumothorax recurrence were
collected through a retrospective chart review. Recurrent
pneumothorax was defined as the presence of ipsilateral
pneumothorax of any size after the operation and deter-
mined by chest radiography. Continuous variables such as
age and height were expressed as mean  standard devia-
tion and analyzed by a two-sample t test. Categorical var-
iables such as sex and smoking status were presented as apercentage and analyzed by the Fisher’s exact test. A p
value of <0.05 was considered significant for all tests.
Results
During the period from January 2008 to December 2011, a
total of 353 patients with spontaneous pneumothorax un-
derwent thoracoscopic surgery (Fig. 1). Of these patients,
Table 3 Clinical characteristics and operative results of
patients in the CT group with or without unexpected find-
ings by CT scanning.
No unexpected
findings
(N Z 135)
With
unexpected
findings
(N Z 5)
p
Age, y 22.9  6.88 30.2  5.76 0.046
Female 15 (11.1) 4 (80.0) 0.001
Body mass index 19.7  2.68 19.3  3.59 0.840
Preoperative CT for pneumothorax 60955 were excluded from the analysis because of age (>40
years; 17 patients), the presence of an underlining pulmo-
nary disease (8 patients), the presence of parenchymal
lesions on chest radiographs requiring CT scanning (5 pa-
tients), or having undergone bilateral thoracoscopic surgery
(25 patients). Of the 298 patients who met the inclusion
criteria, 140 had received preoperative CT scanning and
were included in the CT group. The remaining 158 patients
who did not receive CT scanning were included in the
control group. Clinical characteristics and operative find-
ings of the patients are shown in Table 1. The two groups
were comparable in terms of age, sex, body mass index,
smoking status, involved side, surgical indications, and the
method of mechanical pleurodesis during VATS.
Postoperative results are summarized in Table 2. The
duration of operation, incidence of bullae formation,
number of excised specimens, rate of complications, and
postoperative hospital stay were similar between the two
groups. After a mean follow-up of 20 months, no significant
differences were observed in the recurrence rate between
patients of the CT group (8.6%, 12/140) and the control
group (5.7%, 9/158; p Z 0.371).
We reviewed the CT findings of patients in the CT group
to examine the rate of unexpected findings and to evaluate
whether unexpected CT findings were associated with
specific clinical characteristics or operation results
(Table 3). Unexpected pulmonary lesions were noted on CT
scans in five patients (5/140, 3.6%), and four of these pa-
tients (80%) were female. Unexpected pulmonary lesions
included multiple subpleural and intrapulmonary blebs in
three patients (2 females and 1 male) and diffuse multiple
well-defined thin-walled cysts in both lung fields in two
female patients (pathological reports revealed lym-
phangioleiomyomatosis, LAM). Unexpected pulmonary le-
sions were associated with older age (30.2 years vs. 22.9
years, p Z 0.046) and female sex (80% vs. 11.1%,
p Z 0.001). The pneumothorax recurrence rate was higherTable 2 Surgical results in patients with or without pre-
operative CT.
Control group
(N Z 158)
CT group
(N Z 140)
p
Operation time, min 71.5  17.5 75.2  20.6 0.105
Bullae identified in
operation
86.7 88.4 0.397
Specimen number 1.54  0.80 1.64  0.82 0.283
Complications 14 (8.9) 18 (12.9) 0.178
Hemothorax 1 (0.6) 2 (1.4)
Wound infection 0 (0) 1 (0.7)
Prolonged air
leakage >5 d
13 (8.2) 15 (10.7)
Postoperative tube
duration, d
2.15  0.93 2.26  1.36 0.386
Postoperative
hospital stay, d
3.29  1.14 3.52  1.50 0.140
Recurrence 9 (5.7) 12 (8.6) 0.371
Data are presented as n (%) or mean  SD, unless otherwise
indicated.
CT Z computed tomography.in patients with unexpected CT findings than in those
without such findings (60% vs. 6.7%, p Z 0.004; Table 3).
We then compared the clinical characteristics and
postoperative results between males and females to eval-
uate the effects of sex on treatment outcome (Table 4). We
found that female patients tended to be older and had a
higher rate of unexpected findings on preoperative CT scans
than male patients. Postoperative results and pneumo-
thorax recurrence rates, however, were similar between
female and male patients.Discussion
In this study, we found that CT scanning prior to thoraco-
scopic surgery for PSP was not associated with better
postoperative results or lower pneumothorax recurrence
rates. Therefore, we believe that preoperative scanning is
not justified as a routine examination.
The role of CT scanning performed prior to surgery in
patients with PSP is controversial. Neither the 2001 Amer-
ican College of Chest Physicians (ACCP) panel consensus
opinion nor the 2010 British Thoracic Society (BTS) guide-
lines provide specific recommendations for routine preop-
erative CT scanning.1,4 Many surgeons request a CT scan toSmoking 38 (28.1) 2 (40.0) 0.443
Surgical indications
Recurrent
pneumothorax
97 (71.9) 2 (40.0) 0.482
Persistent air leaks 28 (20.7) 2 (40.0)
Uncomplicated
first episode
5 (3.7) 1 (20.0)
Hemopneumothorax 3 (2.2) 0 (0)
Others 2 (1.5) 0 (0)
Mechanical pleurodesis
Abrasion 100 (74.1) 3 (60.0) 0.398
Apical pleurectomy 35 (25.9) 2 (40.0)
Operation time, min 74.5  20.2 93.6  24.6 0.158
Bullae identified
in operation
119 (88.1) 5 (100) 0.540
Specimen number 1.64  0.82 1.60  0.89 0.918
Complications 17 (12.6) 1 (20.0) 0.503
Postoperative tube
duration, d
2.21  1.09 3.80  4.60 0.483
Postoperative
hospital stay, d
3.46  1.27 5.20  4.49 0.436
Recurrence 9 (6.7) 3 (60.0) 0.004
CT Z computed tomography.
Data are presented as n (%) or mean  SD.
Table 4 Comparison of clinical characteristics and oper-
ative results between males and females.
Male
(N Z 260)
Female
(N Z 38)
p
Age, y 22.3  5.80 24.6  8.10 0.030
Body mass index 19.57  2.62 19.27  2.37 0.533
Preoperative CT 121 (46.5) 19 (50) 0.410
Unexpected findings
on CT
1/121 (0.8) 4/19 (21.1) <0.001
Smoking 72 (27.7) 4 (10.5) 0.014
Left side involved 148 (56.9) 22 (57.9) 0.527
Surgical indications
Recurrent
pneumothorax
175 (67.3) 26 (68.4) 0.775
Persistent air leaks 58 (22.3) 8 (21.1)
Uncomplicated
first episode
22 (8.5) 2 (5.3)
Hemopneumothorax 3 (1.2) 1 (2.6)
Others 2 (0.8) 1 (2.6)
Mechanical pleurodesis
Abrasion 179 (68.8) 26 (68.4) 0.547
Apical pleurectomy 81 (31.2) 12 (31.6)
Operation time, min 72.59  18.95 78.00  19.49 0.106
Bullae identified
in operation
227 (87.3) 34 (89.5) 0.474
Specimen number 1.58  0.81 1.66  0.78 0.576
Complications 27 (10.4) 5 (13.2) 0.387
Postoperative
tube duration, d
2.18  0.98 2.32  1.97 0.513
Postoperative
hospital stay, d
3.39  1.20 3.47  1.97 0.711
Recurrence 17 (6.5) 4 (10.5) 0.323
CT Z computed tomography.
Data are presented as n (%) or mean  SD.
610 K.-C. Tsou et al.look for blebs prior to surgery. However, most studies have
shown that the rate of detecting blebs/bullae is much
higher during surgery (76e100%) than on CT scans
(36e79%).23,29,30 In addition, visible blebs/bullae on CT
scans may not be the cause of pneumothorax or its recur-
rence. We found that preoperative identification of local-
ized emphysema-like changes or subpleural blebs/bullae in
the upper lung zones or lateral subpleural areas did not
render a better postoperative outcome because these le-
sions can also be detected during the operation.
One of the benefits of preoperative CT scanning is the
detection of unexpected parenchymal lesions such as
diffuse multiple small blebs or LAM, which may not be
identified during the operation. In this study, we found that
the rate of detecting unexpected diffuse pulmonary lesions
consisting of multiple subpleural and intrapulmonary blebs
and diffuse multiple well-defined thin-walled cysts was
3.6% (5/140). Some might argue that these pneumothoraces
were not “primary”; however, these lesions were not
visible on preoperative chest X-ray images. Our results
showed that these unexpected findings were associated
with a higher rate of postoperative pneumothorax recur-
rence. Intense mechanical or chemical pleurodesis and
frequent postoperative follow-up should be considered in
these patients with a high risk of recurrence.11PSP predominantly occurs in young male patients. Our
results showed that the CT findings in young male patients
were similar, with only one patient having unexpected
findings (0.8%). Unexpected CT findings were more
commonly noted in female than in male patients (21.1%,
p < 0.001). In addition, LAM was noted in two female pa-
tients in this study. Our results are consistent with those
reported by Hagaman et al,32 who showed that screening
for LAM by CT in young, nonsmoking women who present
with spontaneous pneumothorax is cost effective.35
Therefore, we suggest that performing preoperative CT
might be worthwhile in female patients with spontaneous
pneumothorax.
Few studies have compared the clinical characteristics
and surgical outcomes of thoracoscopic surgery for PSP
between male and female patients. We found that female
patients were older and had lower smoking rates than male
patients, and that they had a higher rate of unexpected
findings on preoperative CT scans. Short-term surgical re-
sults and long-term pneumothorax recurrence rates were
similar between males and females.
This study has certain limitations. For example, it was a
retrospective study, so selection bias could exist because
different attending surgeons might have different in-
dications for performing preoperative CT scanning. The
surgical method and treatment protocol used here were
also not standardized. Previous studies have demonstrated
that the presence of blebs/bullae in the contralateral lung
seen on CT images can be used to predict the risk of
developing contralateral pneumothorax.20 We did not
investigate this issue in this study. We believe that more
prospective studies with precise definitions of variables and
standardized treatment protocols would be helpful in
validating the above results.
In conclusion, routine preoperative CT scanning is not
recommended prior to thoracoscopic surgery because it is
not associated with better outcomes. In female patients,
however, preoperative CT scanning might be needed
because they tended to have a higher rate of unexpected
pulmonary lesions, which were associated with a higher
rate of recurrence.Acknowledgments
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